





COMMERCIAL BORDEAUX 
MIXTURES 


HOW TO eee VALUES 


ERRETT WALLACE, Pathologist, and 
L..-H; EVANS, A cientific Assistant 


Office of Fruit-Disease Investigations, in cooperation with 
the Insecticide and Fungicide Board 


Serr. md 
GV SU 


. 
lows 
2OWS 


fol 
FARMERS’ BULLETIN 994 
UNITED STATES DEPARTMENT OF AGRICULTURE 


Contribution from the Bureau of Plant Industry 
WM. A. TAYLOR, Chief 


Washington, D. C. June, 1918 


Show this bulletin to a neighbor. Additional copies may be obtained free from the 
Division of Publications, United States Department of Agriculture 





WASHINGTON : GOVERNMENT PRINTING OFFICE : [918 





ORDEAUX MIXTURE is the only reliable pre- 

ventive for certain diseases of plants and must 

be used despite the present high price of copper 
sulphate. 

Since commercial Bordeaux mixtures vary widely 
in copper content it is necessary for the grower 
to know their strength in terms of the amount 
of equivalent copper sulphate in 50 gallons when 
diluted. 

This can be easily calculated by the method de- 
scribed in this bulletin or can be approximately 
determined without calculation by reference to 
Tables I and IL 

After the strength of the product is known, the 
relative money value of its ingredients can be easily 
valculated. 


Physical properties, such as adhesiveness, texture, 
spreading quality, and rate of settling, also are im- 
portant factors in determining the efficiency of Bor- 
deaux mixtures. 


The grower should regard spraying as an insur- 
ance and preventive and should always be prepared 
for an epidemic of the disease he expects to combat. 
If he wishes to insure good control, he should, there- 
fore, use a preparation equivalent to the standard 
Bordeaux mixture recommended for that purpose. 
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BORDEAUX MIXTURE THE ONLY REMEDY FOR CERTAIN 
DISEASES. 


AS A RESULT of the present high price of copper sulphate many 
farmers who are compelled to combat such diseases as late- 
blight of the potato, black-rot of the grape, and bitter-rot and blotch 
of the apple are asking the question, “ What can, we use as a sub- 
stitute for Bordeaux mixture?” In answer to this question it can 
be said that so far as at present known the diseases mentioned can be 
controlled satisfactorily only by Bordeaux mixture or some other 
preparation containing copper in some form as the principal active 
ingredient. 
COMMERCIAL BORDEAUX MIXTURES. 


COMPARISON OF RELATIVE MERITS. 


In looking around for the most economical way out of this diffi- 
culty, many are making inquiry as to the true value and relative 
merits of the various commercial Bordeaux mixtures, pastes, and 
powders found on the market. It may therefore be helpful to give 
certain information which will enable the buyer to calculate for 
himself from analyses stated on their labels the value of any com- 
mercial Bordeaux mixture or similar copper fungicide, expressed in 
terms of the cost of the materials used. 


METHODS USED TO CALCULATE VALUES. 


Ordinarily, the grower expresses the strength of his homemade 
Bordeaux mixture in terms of the crystallized copper sulphate 
(CuSO,5H,O; bluestone or blue vitriol) and of the lime in 50 gal- 
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lons of the prepared spray. Thus, a formula may be stated as a 
44-50 mixture, meaning that 4 pounds of crystallized copper sul- 
phate and 4 pounds of lime are used with enough water to make 50 
gallons. 

The insecticide act of 19101 requires that— 

in the case of insecticides (other than Paris greens and lead arsenates) and 
fungicides the labels accompanying such preparations in interstate comierce 
must contain a plain, correct statement of the name and percentage amount of 
each and every inert ingredient, or in lieu of this the manufacturer may “at 
his discretion state plainly upon the label the correct names and percentage 
amounts of each and every ingredient of the insecticide or fungicide having 
insecticidal or fungicidal properties, and make no mention of the inert ingre- 
dients, except in so far as to state the total percentage of inert ingredients 
present.” 

The only feasible method of complying with the above require- 
ments in the case of Bordeaux mixtures? is for the manufacturer to 
include on his label some such statement as the following: 

Active ingredient : Copper, —— per cent. 
Inert ingredient : ————, ——— per cent. 


METHOD OF CALCULATING INGREDIENTS. 


The grower should therefore find on every label of Bordeaux mix- 
ture a statement of the copper content expressed as a percentage. 
This, however, does not mean very much to one who has been accus- 
tomed to measure the strength of Bordeaux mixtures in terms of a 
formula, as already explained. The first thing necessary is to cal- 
culate the equivalent of crystallized copper sulphate; in other words, 
to determine what amount of crystallized copper sulphate would 
be required to prepare the mixture in question. This can be done 
very simply by the use of the factor 3.93, furnished by Mr. C. C. 
McDonnell, of the Bureau of Chemistry. Thus, when the percent- 
age of copper (Cu) is given, as it usually is and properly should be 
in the analysis on the label, multiply this percentage by 3.93. If, 
however, in any case the manufacturer has not fully complied with 
the requirements of the law and has expressed the copper in terms 
of percentage of copper oxid (CuO), multiply this by 3.14, or if 
he has stated it in terms of copper hydroxid (Cu(OH),), multiply 
by 2.56. This in each case gives the equivalent percentage of copper 
expressed in terms of crystallized copper sulphate in the concentrated 
Bordeaux mixture. In order to calculate the copper sulphate when 
diluted ready for application, multiply the number of pounds of the 
concentrated Bordeaux mixture to be added to 50 gallons of water 
by the percentage of copper sulphate. 





1 Rules and regulations for carrying out the provisions of the insecticide act of 1910. 
U. S. Dept, Agr., Office Sec. Cir. 34, 2d rev., 15 p. 1917. 

2Inert and active ingredients of Bordeaux mixture. U. 8S. Dept. Agr., Office Sec., In- 
secticide Decision 6, 2 p. 1912. 
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Erample.—A commercial Bordeaux paste which has been tested in some of 
our field experiments contains 5.92 per cent of metallic copper, according to the 
analysis given on the label. Therefore, if the preparation contains 5.92 per 
cent of copper, it contains the equivalent of 23.27 per cent of crystallized copper 
sulphate (obtained by multiplying 5.92 per cent by the factor 3.98 = 23.27 per 
cent). Thus, the paste contains copper equivalent to 23.27 per cent of crystal- 
lized copper sulphate. The label recommends that 8 pounds of this mixture be 
diluted with 50 gallons of water. Therefore, in order to calculate the amount 
of crystallized copper sulphate in 50 gallons of the diluted spray, take 23.27 per 
cent of 8 pounds, which equals 1.86 pounds.’ 


When this Bordeaux mixture is diluted for, application it will 
contain in every 50 gallons an amount of copper equivalent to 1.86 
pounds of copper sulphate. This is slightly weaker than a 2-2-50 


formula. 
USE OF THE TABLES. 


For the use of those who are interested in a prepared Bordeaux 
mixture and do not wish to make exact calculations as herein ex- 
plained, Tables I and II are presented. 


TasLe I.—Bordeaur formulas corresponding to the strength of Bordeauxr miz- 
tures produced when commercial preparations are diluted as directed. 


Approximate formula of Bordeaux mixture produced 
where the dilution is at the rate of 1 pound to- 
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By means of Table I any grower knowing the percentage of 
metallic copper, which, according to law, must be stated on the label, 
can determine at a glance approximately what formula will be 
produced when the product is diluted according to directions. 

If the formula is not of the strength desired, the grower can deter- 
mine in a similar manner from Table IT approximately the number 
of pounds of the preparation it is necessary to add to 50 gallons of 
water to make either a 2-2-50, a 3-3-50, a 44-50, or a 5-5-50 for- 


11t is realized that there is a slight error in these calculations, because the volumes 
occupied by the concentrated paste in the diluted commercial preparations and by the 
copper sulphate and lime in the case of homemade mixtures have been disregarded. This 
is done in order to avoid complicated computations; but the error thus involved is so 
small that it would have practically no effect on comparative values. 
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mula. Since these formulas cover practically every requirement 
this table should answer for all practical purposes almost as well ag 
the more exact calculations. 






TasLe II.—Equivalent percentages. of copper sulphate and number of pounds of 
concentrated commercial mixtures necessary to use in order to make Bor- 
deauxr mixtures of given formulas. 
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THE MONEY VALUES. 
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CALCULATION 





> . > J 
After the buyer has determined the amount of copper sulphate in 





the commercial Bordeaux mixture when diluted with 50 gallons of 






water, he can next calculate the money value of the ingredients of 





the mixture as compared with the homemade preparation. For exam- 






ple, the commercial paste above referred to contains 1.86 pounds of 





crystallized copper sulphate when diluted with 50 gallons of water. 
The present cost of copper sulphate varies from 114 cents in 450- 
pound lots to 20 to 30 cents in small quantities, depending on the 
dealer from whom it is purchased. In this calculation it will be 
assumed that an equal amount of lime which is worth in barre] lots 
1 cent per pound will be included in each 50 gallons of spray. There- 
fore, in 50 gallons of this commercial spray the copper sulphate will 
be worth from 20.92 to 55.8 cents (1.86 pounds at 11} cents = 20.92 
cents and 1.86 pounds at 30 cents = 55.8 cents) and the lime 1.86 cents 
(1.86 pounds at 1 cent = 1.86 cents). This makes a total of from 
22.78 to 57.66 cents, the value of the essential ingredients of the 
commercial paste when diluted with 50 gallons of water. In other 
words, one could buy the material to make 50 gallons of Bordeaux 
mixture equal in copper content to this one for 22.78 to 57.66 
cents. This mixture sells on the market for 10.4 to 30 cents per 
pound, depending on the quantity purchased. At the dilution recom- 
mended, therefore, 8 pounds to 50 gallons of water, this would cost 
from 83.2 cents to $2.40 for this quantity of the diluted spray. A 
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homemade 44-50 Bordeaux mixture would cost from 45 cents to 
$1.20 for the copper sulphate and 4 cents for the lime, or a total of 
49 cents to $1.24. 

Similar figures for another commercial paste, which was found to 
contain copper equivalent to 3.17 pounds of crystallized copper sul- 
phate to 50 gallons of the diluted mixture, would work out as fol- 
lows: 3.17 pounds of copper sulphate, at 114 to 30 cents = 35.66 to 95.1 
cents and 3.17 pounds of lime at 1 cent = 3.17 cents. In the case of 
this preparation it would cost the grower from 38.83 to 98.27 
cents to buy materials with which to make 50 gallons of a homemade 
Bordeaux mixture containing an equivalent amount of copper. If, 
on the other hand, he buys this prepared mixture which sells on the 
market at from 15 cents per pound in 500-pound lots to 35 cents in 
1-pound lots, it will cost him when used as directed from $1.20 to 


$2.80 for the 8 pounds to make 50 gallons. 
CALCULATION OF LEAD ARSENATE. 


There is another class of commercial Bordeaux pastes and powders 
in which an insecticide (usually lead arsenate) has been added by the 
manufacturer ready for dilution, and when their value is computed 
it is necessary to calculate the value of the insecticide as well as that 
of the copper sulphate and lime. 

In this connection it should be noted that in the case of such prepa- 
rations the Insecticide Act requires the statement of inert or active 
ingredients, as already explained, and also a statement of “ the total 
amount of arsenic present (expressed as per centum of metallic ar- 
senic)” and “the amount of arsenic in water-soluble form (expressed 
as per centum of metallic arsenic).”! 

The only feasible method of complying with these requirements is 
for the manufacturer to include some such statement on his label as 
the following: 

Active ingredients: Dry lead arsenate, ——— per cent; copper of Bordeaux 
mixture, ——— per cent. 

Inert ingredients : —— per cent. 

Aresenic in water-soluble form (expressed as per centum of metallic 
arsenic), per cent. 

The value of the Bordeaux mixture in this preparation may there- 
fore be calculated in the manner already described. For all practical 
purposes the percentage of lead arsenate in terms of lead arsenate 
paste may be obtained by multiplying the percentage of dry lead 
arsenate by 2, since 1 pound of dry lead arsenate is practically equiva- 
lent to 2 pounds of lead arsenate paste; or, in other words, lead ar- 
senate paste usually contains approximately 50 per cent of water. 
If, however, the grower has been accustomed to purchase his lead 


1 Rules and regulations ... Op. cit., p. 14. 
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arsenate in the dry powdered form, the percentage of this is given on 
the label. 

Example.—A commercial Bordeaux lead arsenate which has been tested by 
the writers claims 1.50 per cent of metallic copper (Cu) and 18.25 per cent of 
dry lead arsenate. This preparation, therefore, using the method here de- 
scribed, when diluted 8 pounds to 50 gallons, contains 0.47 pound of crystallized 
copper sulphate. As stated, it contains 18.25 per cent of dry lead arsenate or 
twice this amount (386.5 per cent) of lead arsenate in the paste form; multiply- 
ing these figures by 8, the equivalent amounts of dry and paste lead arsenate 
contained in 50 gallons of the diluted spray may be obtained, which are 1.46 and 
2.92 pounds, respectively. This preparation, therefore, will contain crystallized 
copper sulphate worth from 5.28 to 14.10 cents, lime worth 0.5 cent, and lead 
arsenate selling on the market at approximately 35 cents for the dry form and 
17.5 cents per pound for the paste, worth 51.10 cents, making a total of 56.38 to 
35.20 cents. It sells for 12 cents a pound in 500-pound lots to 30 cents a pound 
in 1-pound lots, and therefore would cost the purchaser for every 50 gallons of 
diluted spray from 96 cents to $2.40. 


VARIATIONS IN COMMERCIAL MIXTURES. 


In order to give some idea how different brands of commercial 
Bordeaux mixture may be expected to vary in this respect, a number 
of samples used by the writers in their special tests for the Insecticide 
and Fungicide Board are given below. They were found to contain, 
respectively, when diluted with 50 gallons of water according to 


directions, copper equivalent to 0.6, 1.5, 0.9, 1.8, 1.82, 0.7, 3.71, and 1.9 
pounds of crystallized copper sulphate. The above calculations are 
based on analyses made by the Bureau of Chemistry. 

‘It is evident, therefore, that the money value of various commercial 
Bordeaux mixtures will be found to show. considerable variation. It 
should, therefore, help the grower to have the above information, 
which enables him to calculate how much it will cost for material to 
make up a homemade Bordeaux mixture containing copper sulphate 
equivalent to the particular brand which he anticipates purchasing. 


OTHER FACTORS DETERMINING VALUE. 


It should be noted that in calculating the money value of the above 
preparations as compared with the actual cost to the consumer only 
the value of the ingredients has been considered. No allowance has 
been made on the one hand for the overhead charges necessary to 
the manufacture and distribution of the goods, such as cost of pre- 
paring, packing, advertising, and selling, nor, on the other hand, has 
allowance been made for the cost to the grower of preparing his home- 
made preparation. If such allowances were made, doubtless less dif- 
ference would be shown between the cost of the homemade and the 
commercial fungicides. The cost of labor and equipment for pre- 
paring homemade Bordeaux mixtures will vary with the individual 
and with varying circumstances. Furthermore, the kind of labor 
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available is an important consideration. If incompetent or unreli- 
able help must be employed to prepare the homemade mixture the 
chances for mistakes are greater than in the case of a good proprie- 
tary preparation manufactured by a reliable company. None of 
these factors are discussed here, but they should be considered by 
each grower according to his individual circumstances. 


PHYSICAL PROPERTIES DETERMINING VALUE. 

It is also true that there are other factors, aside from the copper 
content, which are important in determining the real value or efli- 
ciency of Bordeaux mixtures. In fact, our tests on the whole seem to 
indicate that the physical properties of the preparation are in many 
cases even more important that the quantity.of copper present. Of 
course, there must be sufficient copper to do the work. On the other 
hand, a preparation containing a large amount of copper, but coarse 
and granular in texture, with poor spreading and sticking qualities, 
‘an not be expected to give good results in cases where a good fungi- 


cide is required. 

Figure 1 illustrates the results of some tests made to determine 
the physical or mechanical condition of a number of proprietary 
Bordeaux mixtures and of a homemade preparation for comparison. 
The preparations were diluted with water as directed for use, poured 


into glass cylinders, and shaken thoroughly. The illustrations show 
the relative ratio of subsidence. It will be noted that the fresh 
homemade Bordeaux mixture in cylinder @ has remained in suspen- 
sion much better than any of the others and that there was consider- 
able variation among the commercial preparations in this respect. 
The precipitate in cylinder ¢ went to the bottom in two minutes 
after shaking. Such a preparation would certainly require espe- 
cially good agitation and, even so, its physical properties would be 
very poor. It is interesting to note that after standing 48 hours and 
being reshaken, the homemade Bordeaux mixture settled as quickly 
as some of the commercial preparations, thus showing that on stand- 
ing for that length of time it deteriorates, becoming more like the 
commercial preparations in its physical properties. 

In general, it is believed that the rate of subsidence, as shown by 
these tests, is a fairly good criterion by which to judge the physical 
properties of Bordeaux mixtures, though it has not yet been deter- 
mined how infallible this method is in all cases. It is true that some 
commercial preparations which settle much more quickly than fresh 
homemade Bordeaux mixture are at the same time quite fine in 
texture and appear to have very good adhesive properties and, so far 
as the writers could observe in the absence of chemical tests, adhered 
as well as the homemade‘mixture. 

It is certain, however, that all preparations showing very rapid 
subsidence will require at least very thorough agitation, and it will 
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Fic. 1.—Cylinders containing various brands of commercial Bordeaux mixtures (b to h) 
compared with a homemade Bordeaux mixture, 4-4-50 formula (a), showing relative 
subsidence as an indication of their physical and mechanical properties: A, Photo- 
graphed 23 minutes after shaking; B, Photographed 8 minutes after shaking. 


be well when they are used to see that the sprayer is provided with a 
very efficient agitator. In other words, in those commercial Bordeaux 
preparations which the writers have examined in this way, more 
thorough agitation is necessary than in the case of a good, fresh, 
homemade mixture. On the other hand, if some of the best com- 
mercial preparations are properly applied and in sufficient quantities 
to furnish the necessary amount of copper, there is no doubt that 
good results can be obtained; and if any grower for any reason finds 
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jt more practicable or prefers to purchase a prepared Bordeaux paste 
he will probably obtain good results from its use, provided he selects 
a brand that shows good physical properties, which can be deter- 
mined readily by the subsidence tests already described, and uses it 
at a dilution which furnishes sufficient copper to control the diseases 
which he wishes to combat. In this connection it may be well to add 
that, as has been shown, the dilutions recommended by many manu- 
facturers for the use of their Bordeaux preparations would furnish 
much less copper than would be used in a homemade mixture, and in 
some cases the amount would not be sufficient for satisfactory contro] 
of the diseases in question. It would therefore be well for the grower, 
knowing what strength of homemade Bordeaux mixture he should 
use to combat the diseases of his crops, to determine by reference to 
Table II or to calculate by means of the methods of computation 
given in this bulletin just what dilution of the commercial paste 
would be necessary to furnish the desired formula, instead of-depend- 
ing entirely on the manufacturer’s recommendation. 

STANDARD FORMULAS NECESSARY TO INSURE SATISFACTORY 

RESULTS. 

In this connection there also arises the question, “ Can the grower 
afford to economize by using a weaker mixture than is commonly 
advised for the various diseases which require Bordeaux treat- 
ment?” To judge from our experience and observations, it is prob- 
able that in many cases when infection conditions are mild a Bor- 
deaux mixture containing considerably less copper sulphate than is 
commonly advised for the various diseases for which this mixture is 
recommended would give very good control, previded its physical 


properties are good and it is thoroughly applied. It is also probable 
that considerable benefit will be derived from the use of the weak 
mixture even when the infection is quite severe; but under such cir- 
cumstances the disease will not be satisfactorily controlled, and the 
resultant loss would in many cases much more than offset the amount 
saved by economizing on copper sulphate during the seasons of mild 


infection. 
Spraying is a question of insurance, and the grower must decide 
whether he wishes to insure his crop wholly or only partially against 
efungous diseases. He might partially insure his crop by spraying 
with a Bordeaux mixture containing much less copper than is usually 
recommended. The conditions which follow may require only a weak 
fungicide for satisfactory control; but one can not foretell when 
such conditions will occur, and the spraying must be done in advance 
as a preventive measure. It is therefore safer, if the grower wishes 
to make sure of the best results, to use the amount of copper sulphate 
commonly advised by experts for control under epidemic conditions, 
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ORDEAUX: MIXTURE is the only reliable pre- 

ventive for certain diseases of plants. Since 
commercial Bordeaux mixtures vary in copper con- 
tent it is necessary for the grower to know their 
strength in terms of the amount of equivalent copper 
sulphate in 50 gallons when diluted. 


This can be easily calculated by the method de- 
scribed in this bulletin or can be approximately 
determined without calculation by reference to 
Tables 1 and 2. 


After the strength of the product is known, the 
relative money value of its ingredients can be easily 
calculated. 


Physical properties, such as adhesiveness, texture, 
spreading quality, and rate of settling, also are 
important factors in determining the efficiency of 
Bordeaux mixtures. 


The grower should regard spraying as an insur- 
ance and preventive and should always be prepared 
for an epidemic of the disease he expects to combat. 
If he wishes to insure good control, he should, there- 
fore, use a preparation equivalent to the standard 
Bordeaux mixture recommended for that purpose. 
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Washington, D. C. Revised May, 1925 
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BORDEAUX MIXTURE THE ONLY REMEDY FOR 
CERTAIN DISEASES 


ORDEAUX MIXTURE, which was the first general fungicide 

used as a spray against fungous diseases of plants, is still more 
widely used than any other. In fact, so far as at present known 
some of our most important diseases, such as late-blight of potatoes, 
black-rot of grapes, and bitter-rot of apples, can be controlled satis- 
factorily only by Bordeaux mixture or some other preparation con- 
taining copper as the active ingredient. 


COMMERCIAL BORDEAUX MIXTURES 
RELATIVE MERITS 


Owing to the popularity and wide range of usefulness of Bordeaux 
mixture many manufacturers are placing this fungicide on the mar- 
ket, in both paste and powdered form, for the use of those who 
wish to avoid the inconvenience of making it themselves. It is sold 
in some cases under proprietary trade names and in others simply 
as Bordeaux mixture. 

The object of this bulletin is to give information that will enable 
the buyer to calculate for himself from analyses stated on its label 
the value of any commercial Bordeaux mixture or similar copper 
fungicide, expressed in terms of the cost of materials used, and also 
to determine what dilution of such products should be used to fur- 
nish an amount of copper equivalent to a homemade Bordeaux 


mixture of the formula desired. : 
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METHODS USED TO CALCULATE VALUES 


Ordinarily, the grower expresses the strength of his homemade 
Bordeaux mixture in terms of the crystallized copper sulphate 
(CuSO,5H,O; bluestone, or blue vitriol) and of the lime in 50 gal- 
lons of the prepared spray. Thus, a formula may be stated as a 
44-50 mixture, meaning that 4 pounds of crystallized are sulphate 
and 4 pounds of lime are used with enough water to make 50 gallons, 

The insecticide act of 1910' requires that— 

In the case of insecticides (other than Paris greens and lead arsenates) 
and fungicides the labels accompanying such preparations in interstate com- 
merece must contain a plain, correct statement of the name and percentage 
amount of each and every inert ingredient, or in lieu of this the manufacturer 
may “at his discretion state plainly upon the label the correct names and per- 
centage amounts of each and every ingredient of the insecticide or fungicide 
having insecticidal or fungicidal properties, and make no mention of the inert 
ingredients, except in so far as to state the total percentage of inert ingredi- 
ents present.” 

The only feasible method of complying with the above require- 
ments in the case of Bordeaux mixtures? is for the manufacturer to 
include on his label some such statement as the following: 

Active ingredient : Copper, —— per cent. 
Inert ingredient : , —— per cent. 


METHOD OF CALCULATING INGREDIENTS 


The grower should therefore find on every label of Bordeaux mix- 


ture a statement of the copper content expressed as a percentage. 
This, however, does not mean very much to one who has been accus- 
tomed to measure the strength of Bordeaux mixtures in terms of a 
formula, as already explained. The first thing necessary is to caleu- 
late the equivalent of copper sulphate (bluestone); in other words 
to determine what amount of copper sulphate would be required to 
prepare the mixture in question. This can be done very simply by 
the use of the factor 3.93. Thus, when the percentage of copper 
(Cu) is given, as it usually is and properly should be in the analysis 
on the label, multiply this percentage by 3.93. If, however, in any 
case the manufacturer has not fully complied with the requirements 
of the law and has expressed the copper in terms of percentage of 
copper oxide (CuO), multiply this by 3.14, or if he has stated it in 
terms of copper hydroxide (Cu(OH),), multiply by 2.56. This in 
each case gives the equivalent percentage of copper sulphate in the 
concentrated Bordeaux mixture. The equivalent of copper sulphate 
in the spray material diluted ready for application may be calculated 
according to the following example: 

Example.—A commercial Bordeaux paste which has been examined by the 
writers contains 11 per cent of metallic copper, according to the analysis given 
on the label. Therefore, if the preparation contains 11 per cent of copper, it 
contains the equivalent of 43.23 per cent of crystallized copper sulphate (ob- 
tained by multiplying 11 by the factor 3.93=43.23). Thus, the paste contains 


copper equivalent to 43.23 per cent of crystallized copper sulphate. The label 
recommends that 10 pounds of this mixture be diluted with 50 gallons of water. 


2 Rules and regulations for carrying out the provisions of the insecticide act of 1910. 
U, S. Dept. Agr., Office Sec, Cir. 34, 2d rev., 15 p. 1917. 

2Inert and active ingredients of Bordeaux mixture. U. 8S. Dept. Agr., Office Sec., In- 
secticide Decision 6, 2 p. 1912. : 
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Therefore, in order to calculate the amount of crystallized copper sulphate in 
50 gallons of the diluted spray, take 43.23 per cent of 10 pounds, which equals 
432 pounds.* 

When this Bordeaux mixture is diluted for application it will con- 
tain in every 50 gallons an amount of copper equivalent to 4.32 
pounds of copper sulphate. This is slightly stronger than a 44-50 
formula. 

USE OF THE TABLES 


For the use of those who are interested in a prepared Bordeaux 
mixture and do not wish to make exact calculations as herein ex- 
plained, Tables 1 and 2 are presented. 


TasLe 1.—Bordeaus formulas corresponding to the strength of Bordeaux miz- 
tures produced when commercial preparations are diluted, as directed @ 


Approximate formula of Bordeaux mixture produced 
where the dilution is at the rate of 1 pound to— 


Metallic copper declared on label ne bce ee Se ee 


10 gallons |} 5 gallons 3 gallons 


1.5 per cent - - | 0.30. 3-6 0. 4-0. 4-50 . 6-0. 6-50 . 0-1. 0-50 
SS ee | ‘ . 4-5 5- . 5-50 .8- .8-50 . 3-1. 3-50 
2.5 per cent _..---- . 6-50 ; A . 6-1. 6-50 
3 per cent - - aie Johuay sew . 7-50 . 2-1. 2 2. 0-2. 0-50 
NO ron. piclugtes Paks a ans alla ik cone ee we . 0-1. 0-50 . 6-1. 6-6 2. 6-2. 6-50 
5 per cent __---- asamp zat eman . 0-1. 0-50 . 2-1. 2-50 5 3. 3-3. 

6 per cent __ . . 2-1. 2-50 ~ Sl. 2. 3-4 3. 9-3. 9-50 
7 per cent _ - - katesibess 4 ‘ 5 5-4. 6-50 
$ per cent _- ‘ 0 
10 per cent _ _- 50 
12 per cent _ - 

15 per cent _ - 

TONER aiaics oh eennsc Jraxeedncee nen 

20 per cent ...---- 

22 per cent - - 





* It is assumed for purposes of calculation that in all commercial Bordeaux mixtures the lime and copper 
sulphate were used in equal quantities. 


By means of Table 1 any grower knowing the percentage of 
metallic copper, which, according to law, must be stated on the label, 
can determine at a glance approximately what the formula will be 
when the product is diluted according to directions. 

If the formula is not of the strength desired, the grower can deter- 
mine in a similar manner from Table 2 approximately the number 
of pounds of the preparation it is necessary to add to 50 gallons of 
water to make either a 2-2-50, a 3-3-50, a 44-50, or a 5-5-50 for- 
mula. Since these formulas cover practically every requirement, 
this table should answer for all practical purposes almost as well as 
the more exact calculations. 


CALCULATION OF THE MONEY VALUES 


After the buyer has determined the amount of copper sulphate 
in commercial Bordeaux mixture when diluted with 50 gallons of 
water, he can next calculate the money value of the ingredients of 


8 There is a slight error by this method of calculation, because the volumes occupied by 
the concentrated paste in the diluted commercial preparations and by the copper sulphate 
and lime in the case of homemade mixtures have been disregarded. This is done in order 
to avoid complicated computations, but the error thus involved is so small that it would 
have practically no effect on comparative values. 


30121°—25——2 
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the mixture as compared with the homemade preparation. For 
example, the commercial paste previously referred to contains 4.32 
pounds of crystallized copper sulphate when diluted with 50 gallons 
of water. The present cost of copper sulphate varies from 5 to 7 
cents per pound in 450-pound lots to 8 to 10 cents in small quanti- 
ties. It will be assumed that an equal amount of lime, which is worth 
about 1 cent per pound, will be included in each 50 gallons of spray. 
Therefore, in 50 gallons of this commercial spray the copper sul- 
phate will be worth from 21.6 to 43.2 cents (4.32 pounds at 5 cents= 
21.6 cents and 4.32 pounds at 10 cents=43.2 cents) and the lime 
4.32 cents (4.32 pounds at 1 cent=4.32 cents). This makes a total of 
25.92 to 47.52 cents, the value of the essential ingredients of the com- 
mercial paste when diluted with 50 gallons of water. In other 
words, one could buy the material to make 50 gallons of Bordeaux 
mixture equal in copper content to this one for 25.92 to 47.52 cents, 
This mixture sells on the market for 1514 to 30 cents per pound, 
depending on the quantity purchased. At the dilution recom- 
mended, therefore, 10 pounds to 50 gallons of water, this would 
cost from $1.55 to $3 for this quantity of the diluted spray. A home- 
made 44-50 Bordeaux mixture would cost from 20 to 40 cents for 
the copper sulphate and 4 cents for the lime, or a total of 24 to 44 


cents. 





TABLE 2.—Hquivalent percentages of copper sulphate and number of pounds of 
concentrated commercial mixtures necessary to use in order to make Bor- 
deaur mixtures of given formulas 


| Pounds of concentrated mixture neces- 
| 
" Equiva- sary to add to 50 gallons of water to 
lent make formula— 
copper 
sulphate | 


Metallic copper declared on label 


2-2-50 | 3-3-50 44-50 






















22 per cent 


Per cent | 

Se edabtetn ~achudonnasonneebadetsooasnd 5. 89 33. 9 50. 9 67.8 84.8 
2 per cent........ 7. 86 25. 4 38. 2 50. 8 | 63. 6 
2.5 per cent__ 9. 82 20. 3 30. 5 40. 7 | 50.9 
8 per cent_....... 11.79 16. 9 25. 4 34. 0 42.4 
ram inceninnn enwae deems snasdnnacne 15. 72 12.7 19. 1 25. 4 | 31.8 
DGS btn keene oe ccentankb wens atawesuinass 19. 65 10. 2 15. 2 20. 3 | 25. 4 
PE Sone Ni adh ao Satan sed nn oe eon 23. 58 8.4 12.7 16. 9 | 21.2 
ae chert bonien Siok 27. 51 a2 10.9 14.5 18.1 
Ei oe) jst held Rnapeemieknse nt rneh tke kab eres 31. 44 6.3 9.5 | 12.7 | 15.9 
10 per cent_-- 39. 3 5.1 7. 6 | 10. 2 12.7 
12 per cent-__-- cdi toeene 47. 16 | 4.2 6.3 | 8.5 10.6 
Neen nace cay a ecice aman 58. 95 3.4 5.1 | 6.8 | 8.6 
18 per cent_._---- 70. 74 | 2.9 4.3 | 5.7 7.1 
20 per cent. 78. 60 | 2.6 | 3.9 | 5.1 6.4 

86. 46 2.4} 3.5 4.7 5.8 








| 











CALCULATION OF LEAD ARSENATE 


There is another class of commercial Bordeaux pastes and powders 
in which an insecticide (usually lead arsenate) has been added by the 
manufacturer ready for dilution, and when their value is computed 
it is necessary to calculate the value of the insecticide as well as that 
of the copper sulphate and lime. 

The only feasible method of complying with the requirements of 
the law relative to the statement of active or inert ingredients* in 





*Rules and regulations ... Op. cit., p. 13. 
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the case of Bordeaux lead arsenate is for the manufacturer to state 
the percentage of dry lead arsenate and of copper in the preparation. 

The value of the Bordeaux mixture in this preparation may there- 
fore be calculated in the manner already described. For all practical 
purposes the percentage of lead arsenate in terms of lead-arsenate 
paste may be obtained by multiplying the percentage of dry lead 
arsenate by 2, since 1 pound of dry lead arsenate is practically 
equivalent to 2 pounds of lead-arsenate paste; or, in other words, 
Jlead-arsenate paste usually contains approximately 50 per cent of 
water. If, however, the grower has been accustomed to purchase 
his lead arsenate in the dry powdered form, the percentage of this is 
given on the label. 

Erample—A commercial Bordeaux lead arsenate which has been tested by 
the writers claims 8.5 per cent of metallic copper (Cu) and 16.67 per cent 
of dry lead arsenate. This preparation, therefore, using the method here 
described, when diluted 12.5 pounds to 50 gallons contains 4.17 pounds of 
copper sulphate. As stated, it contains 16.67 per cent of dry lead arsenate 
or twice this amount (33.34 per cent) of lead arsenate in the paste form; 
therefore, taking 16.67 per cent of 12.5 the amount of dry lead arsenate in 50 
gallons of the diluted spray material is found to be 2.08 pounds, or the equiva- 
lent of paste lead arsenate would be twice this amount, 4.16 pounds, obtained 
by taking 383.34 per cent of 12.5. This preparation, therefore, will contain 
copper sulphate worth from 20.8 to 41.7 cents, lime worth 4.1 cents, and lead 
arsenate selling on the market at approximately 20 cents for the dry form 
or 10 cents per pound for the paste, worth 41.6 cents, making a total of 66.5 
to 87.4 cents. It sells for 13.5 cents a pound in 100-pound lots to 30 cents a 
pound in 1-pound lots and therefore would cost the purchaser for every 50 
gallons of diluted spray from $1.68 to $3.75. 


VARIATIONS IN COMMERCIAL MIXTURES 


In order to give some idea how different brands of commercial 
Bordeaux mixture may be expected to vary in this respect and to 
show how well the average product is at present measuring up to the 
standard strength, a number of samples which have been examined 
by the Insecticide and Fungicide Board during the season of 1924 
are given below. The labels and analyses of these samples were 
taken from the files of the board without selection and fairly well 
represent the average run of products as now found on the market. 
When diluted with 50 gallons of water according to directions for 
such diseases as potato blight, black-rot of grapes, bitter-rot of 
apples, ete., they were found to contain, respectively, copper equiva- 
lent to 3.01, 4.23, 4.17, 4.09, 4.14, 4.04, 5.33, 3.94, and 4.39 pounds of 
copper sulphate. These calculations are based on analyses made by 
the Bureau of Chemistry. Occasionally a sample is located which 
is weaker than any of these, but such a product is now the exception 
rather than the rule. 

In this connection it is interesting and gratifying to note the 
marked improvement in these products since the first edition of this 
bulletin was published in 1918. At that time the representative 
samples as then given contained, respectively, copper equivalent to 
only 0.6, 1.5, 0.9, 1.8, 0.7, 3.71, and 1.9 pounds of copper sulphate 
when diluted with 50 gallons of water according to directions. This 
marked improvement it is believed is due largely to the work of the 
Insecticide and Fungicide Board, brought about mostly by means of 
amicable cooperation with the various manufacturers and also to the 
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publicity given the subject by the publication of the first edition 
of this bulletin. 


PHYSICAL PROPERTIES DETERMINING VALUE 


It is also true that there are other factors, aside from the copper 
content, which are important in determining the real value or eff- 


Fic. 1.—Cylinders containing various brands of commercial Bordeaux mixtures (b to h) 
compared with a homemade Bordeaux mixture, 4—4-50 formula (a), showing relative 
subsidence as an indication of their physical and mechanical properties: A, Photo 
graphed 2% minutes after shaking; B, photographed 8 minutes after shaking 


ciency of Bordeaux mixtures. In fact, our tests on the whole seem to 
indicate that the physical properties of the preparation are in many 
cases even more important than the quantity of copper present. 





Commercial Bordeaux Mixtures 7 


course, there must be sufficient copper to do the work. On the other 
hand, a preparation containing a large amount of copper, but coarse 
and granular in texture, with poor spreading and sticking qualities, 
can not be expected to give good results in cases where a good fungi- 
cide is required. 

Figure 1 illustrates the results of some tests made to determine 
the physical or mechanical condition of a number of proprietary 
Bordeaux mixtures and of a homemade preparation for comparison. 
The preparations were diluted with water as directed for use, poured 
into glass cylinders, and shaken thoroughly. The illustrations show 
the relative ratio of subsidence. It will be noted that the fresh 
homemade Bordeaux mixture in cylinder a has remained in suspen- 
sion much better than any of the others and that there was consider- 
able variation among the commercial preparations in this respect. 
The precipitate in cylinder ¢ went to the bottom in two minutes 
after shaking. Such a preparation would certainly require espe- 
cially good agitation and, even so, its physical properties would be 
very poor. It is interesting to note that after standing 48 hours and 
being reshaken, the homemade Bordeaux mixture settled as quickly 
as some of the commercial preparations, thus showing that on stand- 
ing for that length of time it deteriorates, becoming more like the 
commercial preparations in its physical properties. 

In general, it is believed that the rate of subsidence, as shown by 
these tests, is a fairly good criterion by which to judge the physical 
properties of Bordeaux mixtures, though it has not yet been deter- 
mined how infallible this method is. It is true that some commercial 
preparations which settle much more quickly than fresh homemade 
Bordeaux mixture are at the same time quite fine in texture and ap- 
pear to have very good adhesive properties and, so far as the writers 
could observe in the absence of chemical tests, adhered as well as the 
homemade mixture. 

It is certain, however, that all preparations showing very rapid 
subsidence will require at least very thorough agitation, and it will 
be well when they are used to see that the sprayer is provided with a 
very efficient agitator. In other words, in those commercial Bordeaux 
preparations which the writers have examined in this way more 
thorough agitation is necessary than in the case of a good, fresh, 
homemade mixture. On the other hand, if some of the best com- 
mercial preparations are properly applied and in sufficient quantities 
to furnish the necessary amount of copper, there is no doubt that 
good results can be obtained; and if any grower for any reason finds 
‘tmore practicable or prefers to purchase a prepared Bordeaux paste 
he will probably obtain good results from its use, provided he selects 
a brand that shows good physical properties, which can be deter- 
mined readily by the subsidence tests already described, and uses it 
at a dilution which furnishes sufficient copper to control the diseases 
which he wishes to combat. In this connection it may be well to add 
that, as has been shown, the dilutions recommended by some manu- 
facturers for the use of their Bordeaux preparations would furnish 
less copper than would be used in a homemade mixture, and in some 
cases the amount would not be sufficient for satisfactory control of 
the diseases in question. It would therefore be well for the grower, 
knowing what strength of homemade Bordeaux mixture he should 
use to combat the diseases of his crops to determine by reference to 
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Table 2 or to calculate by means of the methods of computation 
given in this bulletin just what dilution of the commercial paste 
would be necessary to furnish the desired formula, instead of de. 
pending entirely on the manufacturer’s recommendation. 


STANDARD FORMULAS NECESSARY TO INSURE SATIS. 
FACTORY RESULTS 
















In this connection there also arises the question, “Can the grower 
afford to economize by using a weaker mixture than is commonly 
advised for the various diseases which require Bordeaux treat- 
ment?” To judge from our experience and observations, it is prob- 
able that in many cases when infection conditions are mild a Bor- 
deaux mixture containing considerably less copper sulphate than is 
commonly advised for the various diseases for which this mixture 
is recommended would give very good control, provided its physical 
properties are good and it is thoroughly applied. It is also probable 
that considerable benefit will be derived from the use of the weak 
mixture even when the infection is quite severe; but under such cir- 
cumstances the disease will not be satisfactorily controlled, and the 
resultant loss would in many cases much more than offset the amount 
saved by economizing on copper sulphate during the seasons of mild 
infection. 

Spraying is a question of insurance, and the grower must decide 
whether he wishes to insure his crop wholly or only partially against 
fungous diseases. He might partially insure his crop by spraying 
with a Bordeaux mixture containing much less copper than is usually 
recommended. The conditions which follow may require only a wea 
fungicide for satisfactory control; but one can not foretell when 
such conditions will occur, and the spraying must be done in advance 
as a preventive measure. It is therefore safer, if the grower wishes 
to make sure of the best results, to use the amount of copper sulphate 
commonly advised by experts for control under epidemic conditions. 


OTHER FACTORS 


































It should be noted that in calculating the money value of the 
preparations described only the value of the ingredients has been 
considered. No allowance has been made, on the one hand, for the 
overhead charges necessary to the manufacture and distribution of 
the goods, nor, on the other hand, has allowance been made for the 
cost to the grower of preparing his own product. If such allow- 
ances were made, doubtless less difference would be shown between 
the cost of the homemade and the commercial fungicides. The cost 
of labor and equipment for preparing homemade Bordeaux mix- 
tures will vary with the individual and with circumstances. Fur- 
thermore, the kind of labor available is an important consideration. 
If incompetent or unreliable help must be employed to prepare the 
homemade mixture the chances for mistakes are greater than i 
the case of a good proprietary preparation manufactured by 4 
reliable company. None of these factors are discussed here, but 
they should be considered by each grower according to his individ- 
ual circumstances. 
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amet MIXTURE is the only reliable pre- 
ventive for certain diseases of plants. Since 
commercial Bordeaux mixtures vary in copper con- 
tent it is necessary for the grower to know their 
strength in terms of the amount of equivalent copper 
sulphate in 50 gallons when diluted. 


This can be easily calculated by the method de- 
scribed in this bulletin or can be approximately 
determined without calculation by reference to 
‘Tables 1 and 2. 


After the strength of the product is known, the 
relative money value of its ingredients can be easily 
calculated. 


Physical properties, such as adhesiveness, texture, 
spreading quality, and rate of settling, also are 
important factors in determining the efficiency. of 
Bordeaux mixtures. 


The grower should regard spraying as an insur- 
ance and preventive and should always be prepared 
for an epidemic of the disease he expects to combat. 
If he wishes to insure good control, he should, there- 
fore, use a preparation equivalent to the standard 
Bordeaux mixture recommended for that purpose.” 


Issued June, 1918 
Washington, D. C. Revised March, 1928 
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COMMMERCIAL BORDEAUX MIXTURES: 
HOW TO CALCULATE THEIR VALUES 


By Errett WALLACE, Pathologist, and L. H. Evans, Scientific Assistant, Office 
of Fruit-Disease Investigations, Bureau of Plant Industry, in cooperation 
with the Food, Drug, and Insecticide Administration 


CONTENTS 


Page 
Bordeaux mixture the only remedy Calculation of the money values____ 
for certain diseases Calculation of lead arsenate 
Commercial Bordeaux mixtures 
IGEATO GHUPINO Goo ie ke 
Methods used to calculate values_ 
Method of calculating ingredi- 


Variations in commercial mixtures__ 

Physical properties determining 
value 

Standard formulas necessary to in- 
sure satisfactory results 

Other factors. 


Cho Nee 


BORDEAUX MIXTURE THE ONLY REMEDY FOR 
CERTAIN DISEASES 


ORDEAUX MIXTURE, which was the first general fungicide 

used as a spray against fungous diseases of plants, is still more 
widely used than any other. In fact, so far as at present. known 
some of our most important diseases, such as late-blight of potatoes, 
black-rot of grapes, and bitter-rot of apples, can be controlled satis- 
factorily only by Bordeaux mixture or some other preparation con- 
taining copper as the active ingredient. 


COMMERCIAL BORDEAUX MIXTURES 
RELATIVE MERITS 


Owing to the popularity and wide range of usefulness of Bordeaux 
mixture many manufacturers are placing this fungicide on the mar- 
ket, in both paste and powdered form, for the use of those who 
wish to avoid the inconvenience of making it themselves. It is sold 
in some cases under proprietary trade names and in others simply 
as Bordeaux mixture. 

The object of this bulletin is to give information that will enable 
the buyer to calculate for himself from analyses stated on its label 
the value of any commercial Bordeaux mixture or similar copper 

icide, expressed in terms of the cost of materials used, and also 
to determine what dilution of such products should be used to fur- 
nish an amount of copper equivalent to a homemade Bordeaux 


mixture of the formula desired. : 
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METHODS USED TO.CALCULATE VALUES 


Ordinarily, the grower expresses the strength of his homemade 
Bordeaux mixture in terms of the crystallized copper sulphate 
(CuSO,5H,O; bluestone, or blue vitriol) and of the lime in 50 gal- 
lons of the prepared spray. Thus, a formula may be stated as 4 
4-450 mixture, meaning that 4 pounds of crystallized copper sulphate 
and 4 pounds of lime are used with enough water to make 50 gallons, 

The insecticide act of 1910+ requires that— 

In the case of insecticides (other than Paris greens and lead arsenates) 
and fungicides the labels accompanying such preparations in interstate com: 
merce must contain a plain, correct statement of the name and percentage 
amount of each and every inert ingredient, or in lieu of this the manufacturer 
may “at his discretion state plainly upon the label the correct names and per- 
centage amounts of each and every ingredient of the insecticide or fungicide 
having insecticidal or fungicidal properties, and make no mention of the inert 
ingredients, except in so far as to state the total percentage of inert ingredi- 
ents present.” 

The only feasible method of complying with the above require- 
ments in the case of Bordeaux mixtures? is for the manufacturer to 
include on his label some such statement as the following: 

Active ingredient : Copper, —— per cent. 
Inert ingredient : ; per cent. 


METHOD OF CALCULATING INGREDIENTS 


The grower should therefore find on every label of Bordeaux mix- 
ture a statement of the copper content expressed as a percentage. 
This, however, does not mean very much to one who has been accus- 
tomed to measure the strength of Bordeaux mixtures in terms of a 
formula, as already explained. The first thing necessary is to caleu- 
late the equivalent of copper sulphate (bluestone) ; in other ‘words 
to determine what amount of copper sulphate would be required to 
prepare the mixture in question. This can be done very simply by 
the use of the factor 3.93. Thus, when the percentage of copper 
(Cu) is given, as it usually is and properly should be in the analysis 
on the label, multiply this percentage by 3.93. If, however, in any 
case the manufacturer has not fully complied with the requirements 
of the law and has expressed the copper in terms of percentage of 
copper oxide (CuO), multiply this by 3.14, or if he has stated it in 
terms of copper hydroxide (Cu(OH),), multiply by 2.56. This in 
each case gives the equivalent percentage of copper sulphate in the 
concentrated Bordeaux mixture. The equivalent of copper sulphate 
in the spray material diluted ready for application may be calculated 
according to the following example: 

Example.—A commercial Bordeaux paste which has been examined by the 
writers contains 11 per cent of metallic copper, according to the analysis given 
on the label. Therefore, if the preparation contains 11 per cent of copper, it 
contains the equivalent of 43.23 per cent of crystallized copper sulphate (ob- 
tained by multiplying 11 by the factor 3.93=43.23). Thus, the paste contains 


copper equivalent to 43.23 per cent of crystallized copper sulphate. The label 
recommends that 10 pounds of this mixture be diluted with 50 gallons of water. 


2 Rules and regulations for carrying out the provisions of the insecticide act of 1910, 
U. S. Dept. Agr., Office Sec. Cir. 34, 2d rev., 15 p. 1917. 

2Inert and active ingredients of Bordeaux mixture. U. 8S. Dept. Agr., Office Sec., In- 
secticide Decision 6, 2 p. 1912. 
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Therefore, in order to calculate the amount of crystallized copper sulphate in 
60 gallons of the diluted spray, take 43.23 per cent of 10 pounds, which equals 
4.32 pounds.* 

When this Bordeaux mixture is diluted for application it will con- 
tain in every 50 gallons an amount of copper equivalent to 4.32 

ounds of copper sulphate. This is slightly stronger than a 44-50 
ieouls. 

USE OF THE TABLES 


For the use of those who are interested in a prepared Bordeaux 
mixture and do not wish to make exact calculations as herein ex- 
plained, Tables 1 and 2 are presented. 


TABLE 1.—Bordeaux formulas corresponding to the strength of Bordeaux miz- 
tures produced when commercial preparations are diluted as directed % 


Approximate formula of Bordeaux mixture produced 
where the dilution is at the rate of 1 pound to— 


Metallic copper declared on label 





10 gallons 8 gallons 5 gallons | 3 gallons 


0. 3-0. 3-50 0. 4-0. 4-50 

.4- .4-50 5 .5-50 
. 5-50 -6- .6-50 
- 6-50 -7- . 7-50 
- 8-50 . 0-1. 0-50 
0-50 . 2-1. 2-50 
2-50 . 5-50 
4-50 . 7-50 
6-50 0-50 
0-50 4-50 
3-50 . 9-50 
9-50 6-50 
3. 5-3. 5-50 4-50 
3. 9-3. 9-50 9-50 
22 per cent 4. 3-4. 3-50 5. 4-5. 4-50 
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¢ It is assumed for purposes of calculation that in all commercial Bordeaux mixtures the lime and copper 
sulphate were used in equal quantities. 

By means of Table 1 any grower knowing the percentage of 
metallic copper, which, according to law, must be stated on the label, 
can determine at a glance approximately what the formula will be 
when the product is diluted according to directions. 

If the formula is not of the strength desired, the grower can deter- 
mine in a similar manner from Table 2 approximately the number 
of pounds of the preparation it is necessary to add to 50 gallons of 
water to make either a 2-2-50, a 3-3-50, a 44-50, or a 5-5-50 for- 
mula. Since these formulas cover practically every requirement, 
this table should answer for all practical purposes almost as well as 
the more exact calculations. 


CALCULATION OF THE MONEY VALUES 


After the buyer has determined the amount of copper sulphate 
in commercial Bordeaux mixture when diluted with 50 gallons of 
water, he can next calculate the money value of the ingredients of 


There is a slight error by this method of calculation, because the volumes occupied by 
the concentrated paste in the diluted commercial preparations and by the copper sulphate 
and lime in the case of homemade mixtures have been disregarded. This is done in order 
to avoid complicated computations, but the error thus involved is so small that it would 
have practically no effect on comparative values. 


102283°—30——2 
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the mixture as compared with the homemade preparation. For 
example, the commercial paste previously referred to contains 4.39 
pounds of crystallized copper sulphate when diluted with 50 gallons 
of water. The present cost of copper sulphate varies from 5 to 7 
cents per pound in 450-pound lots to 8 to 10 cents in small quanti- 
ties. It will be assumed that an equal amount of lime, which is worth 
about 1 cent per pound, will be included in each 50 gallons of spray, 
Therefore, in 50 gallons of this commercial spray the copper sul- 
phate will be worth from 21.6 to 43.2 cents (4.82 pounds at 5 cents= 
21.6 cents and 4.32 pounds at 10 cents=43.2 cents) and the lime 
4.32 cents (4.32 pounds at 1 cent=4.32 cents). This makes a total of 
25.92 to 47.52 cents, the value of the essential ingredients of the com- 
mercial paste when diluted with 50 gallons of water. In other 
words, one could buy the material to make 50 gallons of Bordeaux 
mixture equal in copper content to this one for 25.92 to 47.52 cents, 
This mixture sells on the market for 1514 to 30 cents per pound, 
depending on the quantity purchased. At the dilution recom- 

' mended, therefore, 10 pounds to 50 gallons of water, this would 
cost from $1.55 to $3 for this quantity of the diluted spray. A home- 
made 44-50 Bordeaux mixture would cost from 20 to 40 cents for 
the copper sulphate and 4 cents for the lime, or a total of 24 to 44 
cents. 


TABLE 2.—Equivalent percentages of copper sulphate and number of pounds of 
concentrated commercial mixtures necessary to use in order to make Bor- 
deaux mixtures of given formulas 


Pounds of concentrsted mixture neces- 
Equiva- sary to add to 50 gallons of water to 
lent make formula— 
copper |_ sisiasepeeceeaai 
oulphate | 
2-2-50 3-3-50 44-50 


Metallic copper declared on label 
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CALCULATION OF LEAD ARSENATE 





There is another class of commercial Bordeaux pastes arid powders 
in which an irisecticide (usually lead arsenate) has been added by the 
manufacturer ready for dilution, and when their value is computed 
it is necessary to calculate the value of the insecticide as well as that 
of the copper sulphate and lime. 

The only feasible method of complying with the requirements of 
the law relative to the statement of active or inert ingredients* m 
See ee. saesthasin elunph pucalogeipnianeseinicnaenisacnisaenuelianlia 

*RuJes and regulations ... Op. cit., p. 13. 
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the case of Bordeaux lead arsenate is for the manufacturer to state 
the percentage of dry lead arsenate and of copper in the preparation. 

The value of the Bordeaux mixture in this preparation may there- 
fore be calculated in the manner already described. For all practical 
purposes the percentage of lead arsenate in terms of lead-arsenate 
paste ~_ be obtained by multiplying the percentage of dry lead 
arsenate by 2, since 1 pound of dry lead arsenate is practically 
equivalent to 2 pounds of lead-arsenate paste; or, in other words, 
lead-arsenate paste usually contains approximately 50 per cent of 
water. If, however, the grower has been accustomed to purchase 
his lead arsenate in the dry powdered form, the percentage of this is 
given on the label. 


Example.—A commercial Bordeaux lead arsenate which has been tested by 
the writers claims 8.5 per cent of metallic copper (Cu) and 16.67 per cent 
of dry lead arsenate. This preparation, therefore, using the method here 
described, when diluted 12.5 pounds to 50 gallons contains 4.17 pounds of 
copper sulphate. As stated, it contains 16.67 per cent of dry lead arsenate 
or twice this amount (33.34 per cent) of lead arsenate in the -paste. form; 
therefore, taking 16.67 per eent of 12.5 the amount of dry lead arsenate in 50 
gallons of the diluted spray material is found to be 2.08 pounds, or the equiva- 
lent of paste lead arsenate would be twice this.amount, 4.16 pounds, obtained 
by taking 33.34 per cent of 12.5. This preparation, therefore, will contain 
copper sulphate worth from 20.8 to 41.7 cents, lime worth 4.1 cents, and lead 
arsenate selling on the. market at approximately 20 cents for the dry form 
or 10 cents per pound for the paste, worth 41.6 cents, making a total of 66.5 
to 87.4 cents. It sells for 13.5 cents a pound in 100-pound lots to 30 cents a 
pound in 1-pouné lots and therefore would cost the purchaser for every 50 


gallons of diluted spray from $1.68 to $3.75. 
VARIATIONS IN COMMERCIAL MIXTURES 


In order to give some idea how different brands of commercial 
Bordeaux mixture may be expected to-vary in this respect and to 
show how well the average product is at present measuring up.to the 
standard strength, a number of samples which have been examined 
by the Insecticide and Fungicide Board during the seagon of 1924 
are given below. The labels and analyses of these samples were 
taken from the files of the board without selection and fairly well 
represent the average run of products as now found on the market. 
When diluted with 50 gallons of water according to directions for 
such diseases as potato blight, black-rot of grapes, bitter-rot of 
apples, etc., they were found to contain, respectively, copper equiva- 
lent to 3.01, 4.23, 4.17, 4.09, 4.14, 4.04, 5.33, 3.94, and 4.39 pounds of 
copper sulphate. These calculations are based on analyses made by 
the Bureau of Chemistry. Occasionally a sample is located which 
is weaker than any of these, but such a product is now the exception 
rather than the rule. 

In this connection it is interesting and gratifying to note the 
marked improvement in these products since the first edition of this 
bulletin was published in 1918. At that time the representative 
samples as then given contained, respectively, copper equivalent to 
only 0.6, 1.5, 0.9, 1.8, 0.7, 3.71, and 1.9 pounds of copper sulphate 
when diluted with 50 gallons of water according to directions. This 
marked improvement it is believed is due largely to the work of the 
Insecticide and Fungicide Board, brought about mostly by means of 
amicable cooperation with the various manufacturers and also to the 
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publicity given the subject by the publication of the first edition 
of this bulletin. 


PHYSICAL PROPERTIES DETERMINING VALUE 


It is also true that there are other factors, aside from the copper 
content, which are important in determining the real value or effi- 


Fic, 1.—Cylinders containing various brands of commercial Bordeaux mixtures (b to h) 
compared with a homemade Bordeaux mixture, 4—4—50 formula (a), showing relative 
subsidence as an indication of their physical and mechanical properties: A, Photo 
graphed 24% minutes after shaking; B, photographed 8 minutes after shaking 


ciency of Bordeaux mixtures. In fact, our tests on the whole seem to 
indicate that the physical properties of the preparation are in many 
cases even more important than the quantity of copper present. Of 
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course, there must be sufficient copper to do the work. On the other 
hand, a preparation containing a large amount of copper, but coarse 
and granular in texture, with poor spreading and sticking qualities, 
can not be expected to give good results in cases where a good fungi- 
cide is required. 

Figure 1 illustrates the results of some tests made to determine 
the physical or mechanical condition of a number of proprietary 
Bordeaux mixtures and of a homemade preparation for comparison. 
The preparations were diluted with water as directed for use, poured 
into glass cylinders, and shaken thoroughly. The illustrations show 
the relative ratio of subsidence. It will be noted that the fresh 
homemade Bordeaux mixture in cylinder a has remained in suspen- 
sion much better than any of the others and that there was consider- 
able variation among the commercial preparations in ‘this respect. 
The precipitate in cylinder ¢ went to the bottom in two minutes 
after shaking. Such a preparation would certainly require espe- 
cially good agitation and, even so, its physical properties would be 
very poor. It is interesting to note that after standing 48 hours and 
being reshaken, the homemade Bordeaux mixture settled as quickly 
as some of the commercial preparations, thus showing that on stand- 
ing for that length of time it deteriorates, becoming more like the 
commercial preparations in its physical properties. 

In general, it is believed that the rate of subsidence, as shown by 
these tests, is a fairly good criterion by which to judge the physical 
properties of Bordeaux mixtures, though it has not yet been deter- 
mined how infallible this method is. It is true that some commercial 
eeuens which settle much more quickly than fresh homemade 

ordeaux mixture are at the same time quite fine in texture and ap- 
pear to have very good adhesive properties and, so far as the writers 
could observe in the absence of chemical tests, adhered as well as the 
homemade mixture. 

It is certain, however, that all preparations showing very rapid 
subsidence will require at least very thorough agitation, and it will 
be well when they are used to see that the sprayer is provided with a 
very efficient agitator. In other words, in those commercial Bordeaux 
preparations which the writers have examined in this way more 
thorough agitation is necessary than in the case of a good, fresh, 
homemade mixture. On the other hand, if some of the best com- 
mercial preparations are properly — and in sufficient quantities 
to furnish the necessary amount of copper, there is no doubt that 
good results can be obtained; and if any grower for any reason finds 
‘t more practicable or prefers to purchase a prepared Bordeaux paste 
he will probably obtain good results from its use, provided he selects 
a brand that shows good physical properties, which can be deter- 
mined readily by the subsidence tests already described, and uses it 
at a dilution which furnishes sufficient copper to control the diseases 
which he wishes to combat. In this connection it may be well to add 
that, as has been shown, the dilutions recommended by some manu- 
facturers for the use of their Bordeaux preparations would furnish 
less copper than would be used in a homemade mixture, and in some 
cases the amount would not be sufficient for satisfactory control of 
the diseases in question. It would therefore be well for the grower, 
knowing what strength of homemade Bordeaux mixture he should 
use to combat the diseases of his crops to determine by reference to 
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Table 2 or to calculate by means of the methods of computation 
given in this bulletin just what dilution of the commercial paste 
would be necessary to furnish the desired formula, instead of de- 
pending entirely on the manufacturer’s recommendation. 


STANDARD FORMULAS NECESSARY TO INSURE SATIS- 
FACTORY RESULTS 


In this connection there also arises the question, “Can the grower 
afford to economize by using a weaker mixture than is commonly 
advised for the various diseases which require Bordeaux treat- 
ment?” To judge from our experience and observations, it is prob- 
able that in many cases when infection conditions are mild a Bor- 
deaux mixture containing considerably less copper sulphate than is 
commonly advised for the various diseases for which this mixture 
is recommended would give very good control, provided its physical 
properties are good and it is thoroughly applied. It is also probable 
that considerable benefit will be derived from the use of the weak 
mixture even when the infection is quite severe; but under such cir- 
cumstances the disease will not be satisfactorily controlled, and the 
resultant loss would in many cases much more than offset the amount 
saved by economizing on copper sulphate during the seasons of mild 
infection. 

Spraying is a question of insurance, and the grower must decide 
whether he wishes to insure his crop wholly or only partially against 
fungous diseases. He might partially insure his crop by spraying 
with a Bordeaux mixture containing much less copper than is usually 
recommended. The conditions which follow may require only a wea 
fungicide for satisfactory control; but one can not foretell when 
such conditions will occur, and the spraying must be done in advance 
as a preventive measure. It is therefore safer, if the grower wishes 
to make sure of the best results, to use the amount of copper sulphate 
commonly advised by experts for control under epidemic conditions. 


OTHER FACTORS 


It should be noted that in calculating the money value of the 
preparations described only the value of the ingredients has been 
considered. No allowance has been made, on the one hand, for the 
overhead charges necessary to the manufacture and distribution of 
the goods, nor, on the other hand, has allowance been made for the 
cost to the grower of preparing his own product. If such allow- 
ances were made, doubtless less difference would be shown between 
the cost of the homemade and the commercial fungicides. The cost 
of labor and equipment for preparing homemade Bordeaux mix- 
tures will vary with the individual and with circumstances. Fur- 
thermore, the kind of labor available is an important consideration. 
If incompetent or unreliable help must be employed to prepare the 
homemade mixture the chances for mistakes are greater than in 
the case of a good proprietary preparation manufactured by a 
reliable company. None of these factors are discussed here, but 
they should be considered by each grower according to his individ- 
ual circumstances. 





ORGANIZATION OF THE 
UNITED STATES DEPARTMENT OF AGRICULTURE 


March 14, 1930 


Secretary of Agriculture Artuur M. Hype. 
Assistant Secretary R. W. Dunuap. 
Director of Scientific Work 
Director of Regulatory Work Water G. CAMPBELL. 
Director of Extension Work C. W. WaRBURTON. 
Director of Personnel and Business Adminis- W. W. STocKBERGER. 
tration. 

M. S. E1sENHOWER. 

E. L. MarsHAL.t. 
Weather Bureau Cuaries F. Marvin, Chief. 
Bureau of Animal Indusiry Joun R. Mouter, Chief. 
Bureau of Dairy Industry O. E. Regn, Chief. 
Bureau of Plant Industry WiuuiaM A. Taytor, Chief. 
Forest Service R. Y. Stuart, Chief. 
Bureau of Chemistry and Soils_._.--------- H. G. Kniaut, Chief. 
Bureau of Entomology C. L. Maruart, Chief. 
Bureau of Biological Survey Paut G. Repineton, Chief. 
Bureau of Public Roads Tuomas H. MacDonatp, Chief. 
Bureau of Agricultural Economics Nuts A. Ousen, Chief. 
Bureau of Home Economics Louise STan ey, Chief. 
Plant Quarantine and Control Administration. Lex A. Strona, Chief. 
Grain Futures Administration J. W. T. Duvet, Chief. 
Food, Drug, and Insecticide Administration... WattreR G. CamMpBELL, Director of 

Regulatory Work, in Charge. 
, Chief. 
C. B. Smiru, Chief. 
CuLARIBEL R. Barnett, Librarian. 


9 


U.S. GOVERNMENT PRINTING OFFICE: 1930 








XUM 


